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(54) PRODUCTION OF SEMIPERMEABLE MEMBRANE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a semipermeable membrzine minimized in the £imt. of 
polyvinyl pynolidone to be discarded and excellent in spinning properties. 
SOLUTION: In a method for producing a semipermeable membrane based on a polysulfone 
resin and two or more kinds of polyvinyl pynolidone resins different in mol.wt., the wt. ratio of 
the polyvinyl pyrrolidone resins to polysulfone in a membreine forming raw soln. is 20-35% and 
the temp, of a dry zone is spinning cap portion temp. -40°C < temp, of dry zone < spinning cap 
portion temp. -15°C and relative humidity is 60-95%. 
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CLAIMS 
[Claim(s)] 

[Claim 1] The manufacture approach of the semipermeable membrane characterized by for the 
weight ratios of the polyvinyl pyixolidone to the polysulfone in a film production undiluted 
solution being 20% or more and 35% or less, and being -15 degrees C in temperature <= 
spinneret section temperature of a spinneret section temperature [ of -40 degrees C ] <= dry zone 
in the manufacture approach of the semipermeable membrzine which becomes considering two or 
more kinds of polyvinyl pyrrolidones from which polysulfone system resin £ind a mean 
molecLilai- weight differ as a principal component, and relative humidity being 60% or more and 
95% or less further. 

[Claim 2] The manufacture approach of the semipermeable membrzine according to cMm 1 
characterized by using two or more kinds of polyvinyl pyrrolidones from which a mean 
molecular weight differs 100,000 or more. 

[Claim 3] The manufacture approach of the semipermeable membrane according to claim 1 or 2 
characterized by using this semipermeable membrzine for artificiEil kidneys. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of the semipermeable 
membrane which consists of two or more kinds of polyvinyl pyrrolidones from which 
polysulfone system resin £ind a mean molecular weight differ. 
[0002] 

[Description of the Prior Art] In order to bring a chronic-renal-failure patient's blood processing 
film close to **** level, the improvement technique in the engine performance of various 
dialysis approach and film has so far been developed. As blood processing film, the approach of 
producing a film with polysulfone, using a polyvinyl pyrrolidone as an ostomy agent is learned 
in JP,9-70524,A etc., for example. Although it was desirable to have reduced that amount used 
since that most was flushed and was not reused after this polyvinyl pyrrolidone was used as an 
ostomy agent at the time of film production, there was much that amount used in JP,9-70524,A 
etc., and there was a trouble that there were many amounts of abolition. 
[0003] Moreover, making the mixing ratio of the polyvinyl pyrrolidone to the polysulfone 
system resin in a film production undiluted solution into 10 or less % of the weight is indicated 
by JP,4-338224,A. However, in this case, film production undiluted solution viscosity became 
low too much, and there was a trouble of being inferior to spinning stability. 
[0004] 



[Problem(s) to be Solved by the Invention] This invention tends to cancel the fault of the above- 
mentioned conventional technique, and there is little amount of the polyvinyl pyrrolidone used, 
and it aims at offering the manufacture approach of semipermeable membrane excellent in 
spinning stability. 
[0005] 

[Means for Solving the Problem] This invention has the following configuration, in order to 
attain the above-mentioned technical problem. "The manufacture approach of the semipermeable 
membrane characterized by for the weight ratios of the polyvinyl pyrrolidone to the polysulfone 
in a film production undiluted solution being 20% or more and 35% or less, and being -15 
degrees C in temperature <= spinneret section temperature of a spinneret section temperature [ of 
-40 degrees C ] <= dry zone in the manufacture approach of the semipermeable membrane which 
become considering two or more kinds of polyvinyl pyrrolidones from which polysulfone system 
resin and a mean molecular weight differ as a principal component, and relative humidity being 
60% or more and 95% or less further." 
[0006] 

[Embodiment of the Livention] As polysulfone system resin of this invention, although 
polysulfone is desirable, what embellished the benzene ring part can be used. Moreover, 
although film production nature becomes good as polysulfone concentration in a film production 
undiluted solution as concentration is raised, the void content in the film decreases and the 
inclination for water permeability to fall is in reverse. Therefore, among a film production 
undiluted solution, as for polysulfone concentration, it is desirable that it is 10 - 30 % of the 
weight, and it is desirable that it is further 15-21 % of the weight. 

[0007] In this invention, two or more kinds of things from which average molecular weight 
differs as a polyvinyl pyrrolidone are used. It is desirable to use what says that from which 
weight average moleculzir weight differs that average molecular weight differs here, £ind is 
different 100,000 or more with especially weight average molecular weight. 
[0008] Moreover, since the molecular weight of commercial polysulfone system resin is 
generally low, it tends to depend for the viscosity of a film production undiluted solution on the 
molecular weight of a polyvinyl pyrrolidone. Since it may be inferior to lifting silk manufacture 
stability in the thread breakage, a yam shake, etc. at the time of film production when film 
production undiluted solution viscosity is low, the high thing of the average molecular weight of 
a polyvinyl pyrrolidone is desirable, and 40,000 or more are desirable. 

[0009] Although viscosity rises and film production nature becomes good as the concentration of 
the polyvinyl pyrrolidone in a film production undiluted solution is raised, the amount of the 
polyvinyl pyrrolidone which should be discarded conversely increases. Therefore, the polyvinyl- 
pyrrolidone concentration in a film production undiluted solution has 2 - 20 desirable % of the 
weight, and its further 3 - 9 % of the weight is desirable. As for the content of the produced 
polyvinyl pyrrolidone in semipermeable membrzine, it is desirable that it is 1 - 15wt%. In the 
case of below lwt%, water wettability becomes inadequate, and coagulation may be caused 
when blood is contacted. 

[0010] furthermore, the case where the semipermeable membrane of this invention is used as an 
artificial kidney - the crown - it is desirable to penetrate molecule **** protein selectively and 
to suppress albumin permeability as much as possible, and it is desirable that the mixing ratio of 
a with a molecular weight [ in a film production undiluted solution ] of 100,000 or more 
polyvinyl pyrrolidone is 1.8 - 20 % of the weight at this point. If too high, undiluted solution 
viscosity will rise, and there is an inclination it not only to become difficult to produce a film, but 



for water permeability and diffusibility ability to fall. Conversely, when too low, there is an 
inclination it becomes impossible to form the membrane structure which has a suitable hole for 
making inside macromolecule **** protein penetrate. 

[0011] In a film production undiluted solution, the good solvent of polysulfone system resin and 
a polyvinyl pyrrolidone is used. Although it is dimethylacetamide, dimethylformamide, dimethyl 
suloxide, an acetone, an acetaldehyde, 2-methyl pyrrolidone, etc., specifically, a toxic field to 
danger, safety, and dimethylacetamide are desirable. 

[0012] The additive which is the poor solvent of polysulfone and has a polyvinyl pyrrolidone and 
compatibility further is used for a film production undiluted solution. Although it is alcohol, a 
glycerol, water, and ester, specificdly, water is desirable especidly from the field of process 
fitness. 

[0013] The semipermeable membrane of this invention is suitably used as a hollow fiber, a flat 
film, fibrous film, etc. The film production approach in the case of using as a hollow fiber is as 
follows. 

[0014] First, a dry zone is made to breathe out a film production undiluted solution and core 
liquid simultaneously from the mouthpiece of duplex slit tubing structure. By maintaining the 
ambient atmosphere of the dry zone at this time at specific conditions, change of the engine 
perfomiance by the seasonal variation can be controlled. That is, if dry zone temperature and 
relative humidity are too high, before phase separation will happen in the interior of a hollow 
fiber, an outside surface solidifies and can do a compact layer. Moreover, since it is underwater 
immersed before can ying out phase separation, if dry zone temperature and relative humidity are 
too low, before carrying out phase separation of the outside surface, it is solidified, and can do a 
compact layer. Therefore, dry zone temperature needs to fulfill the conditions of the temperature 
<= spinneret section temperature spinneret section temperature of -15 degrees C of a spinneret 
section temperature [ of -40 degrees C ] <= dry zone. Moreover, relative humidity needs to be 
60% or more and 95% or less. 

[0015] Here, relative humidity means what expressed the ratio of a water vapor pressure and 
saturated water vapor pressure with %. 

[0016] A modularization is rolled round and carried out, after carrying out spinning according to 
the above-mentioned conditions and passing through predetermined rinsing and a moisturization 
process. When using for artificial kidneys, as for the rolled-round hollow fiber, it is desirable for 
there to be much elution of a polyvinyl pyrrolidone, to construct a bridge by the gamma ray, the 
electron ray, heat, chemiczil preparation, etc., since there is an inclination not to fulfill the 
numeric value indicated by artificial organ criteria, and to reduce an effluent the way things 
stand. By bridge formation processing, elution of a polyvinyl pyrrolidone decreases because 
polysulfone and a polyvinyl pyixolidone join together. In order to prevent elution of a polyvinyl 
pyrrolidone furthermore, it is desirable to wash a module with the water which passed the 
deaeration film before gamma irradiation. The gamma irradiation of gamma irradiation in water 
restoration is desirable, and 20-40KGy of a dose is desirable to 10 - 50KGy and a pan. The 
artificial kidney created by these approaches is excellent in engine performance, such as 
diffusion of urine poison, and inhibition of the albumin which is useful protein, and there is little 
elution of a polyvinyl pyrrolidone. 

[0017] The semipermeable membrane obtained by this invention is suitably used as blood 
purification film, such as a dialyzer and a plasma eliminator, ultrafiltration membrane, etc. 
[0018] 

[Example] Next, this invention is explained based on an example. 



[0019] The used measuring method is as follows. 

(1) It measured using B mold rotational-viscometer B8 made from measurement east machine 
industry type of undiluted solution viscosity. The sample bottle by which the undiluted solution 
went into the silicon oil bath with a temperature controller was put in, and temperature was made 
into predetermined temperature and measured five points. 

(2) Water pressure lOOmmHg was applied inside [ hollow filament ] the module (area 1.3ni2) 
which closed the measurement hollow filament both ends of permeable ability, and the amount 
of filtration per [ which flows out outside ] unit time amount was measured. Permeable ability 

was computed by the following formula. 
[0020] 

Permeable ability (ml/hr/ni2/nimHg) = QW/(T-A-P) 

Here, in QW, runoff time amount (hr) and P mean a pressure (mmHg), and, as for A, the amount 
(ml/min) of filtration and T mean a film surface product (m2) (hollow filament internal- surface 
product conversion). 

(3) Perfusion of the bovine blood liquid prepared to 30% of hematocrit values and amount of 
total protein 6.0 g/dl (ethylenediaminetetraacetic acid (EDTA) processing blood) which kept it 
warm at the temperature of 37 degrees C to the measurement blood tub of albumin permeability 
was carried out by 200 ml/min inside [ hollow filament ] the module (area 1.3m2) which closed 
hollow filament both ends, and it filtered by the filtration flow rate of 40 ml/min. At this time, 
filtrate and outlet blood were returned to the blood tub. 

[0021] 1 hour Eifter rotary flow initiation ~ the blood of a module entry £ind a module outlet, and 
filtrate ~ szimpling ~ a blood side ~ BCG (bromcresol green) ~ it £in£ilyzed by law (Wako Pure 
Chem), and albumin permeability was computed from the concentration. 
[0022] 

albumin permeability (%) ={2xCf/(CBi+CBo)} xlOO ~ here, in Cf, CBi shows a module entry 
among filtrate and CBo shows the albumin concentration of a module outlet. 

(4) The sample after the measurement gamma irradiation of the content of the polyvinyl 
pyrrolidone by the ultimate analysis method was made to harden by drying with ordinary 
temperature and a vacuum pump, the CHN coder analyzed the lOmg, and the content of the 
polyvinyl pyrrolidone to polysulfone was calculated from nitrogen content. 

In an one or less example example, the "section" means the "weight section." 
[0023] The polysulfone (Amoco Corp. Udel-P3500) 18 section, the polyvinyl-pyrrolidone 
(BASFK90 weight average molecular weight 1,200,000) 3 section, and the polyvinyl- 
pyrrolidone (BASF K30 weight average molecular weight 40,000) 3 section were added to the 
dimethylacetamide 75 section and the water 1 section, and the heating dissolution was carried 
out. Undiluted solution viscosity was 23poise at 50 degrees C. The solution which consists this 
undiluted solution of the dimethylacetamide 58 section to the spinneret section with a 
temperature of 50 degrees C as core liquid from double slit tubing with delivery, an outer 
diameter [ of 0.35mm ], and a bore of 0.25mm is made to breathe out. The temperature of 30 
degrees C after making the hollow fiber of 40 micrometers of bore thickness of 200 micrometers 
form. The 350mm dry zone of 93% of relative humidity ( testo452 made from testoterm) was 
passed, the hollow fiber pass the 80-degree C rinsing process and the moisturization process by 
the glycerol was rolled round, and it considered as the bundle. Potting of this hollow fiber was 
filled up with and carried out to the case so that it might be set to 2 1.3m, and it considered as the 
module. After the modularization, with the deaerated warm water (37 degrees C), the blood side 
was first washed by per minute 200 ml/min for 1 hour, and the hemodialysis side was similarly 



washed for the blood side to the stop and the degree, and finally, the film was made to penetrate 
and it washed from the blood side similarly to the dialysing fluid side. It is permeable ability 
when permeable ability and albumin transmission were measured after gamma irradiation 
(32KGy) with water restoration. They were 1109 ml/hr/m2/mmHg and 0.76% of albumin 
transmission. 

[0024] Moreover, the polyvinyl-pyrrolidone content to the polysulfone in the final film was 4.1 
% of the weight. In this case, when 100kg (PVP 6kg content) of film production undiluted 
solutions is used, into the film, 0.74kg of PVP will remain eventually, and 5.26kg will be 
discarded. 

The example 2 polysulfone (Amoco Corp. Udel-P3500) 17 section, the polyvinyl-pyrrolidone 
(BASFK90) 3 section, and the polyvinyl-pyrrolidone (BASF K30) 1 section were added to the 
dimethylacetamide 78 section and the water 1 section, and the heating dissolution was carried 
out. Undiluted solution viscosity was 14.5poise at 50 degrees C. This undiluted solution was 
produced at the same process as an example 1 using the core liquid which consists of the 
dimethylacetamide 58 section, and the module was created. Permeable ability They were 1380 
ml/hr/m2/mmHg and 1.12% of albumin penneability. Moreover, the polyvinyl-pyrrolidone 
content to the polysulfone in the final film was 3.8 % of the weight. In this case, when 100kg 
(PVP 4kg content) of film production undiluted solutions is used, into the film, 0.65kg of PVP 
will remain eventually, and 3.35kg will be discarded. 

The dimethylacetamide 72 section and the water 1 section were added, and the heating 
dissolution of the example of comparison 1 polysulfone (Amoco Corp. Udel-P3500) 18 section, 
the polyvinyl-pyrrolidone (BASFK90) 4 section, and the polyvinyl-pyrrolidone (BASF K30) 5 
section was carried out. Undiluted solution viscosity was 45poise at 50 degrees C. This undiluted 
solution was produced at the same process as an example 1 using the core liquid which consists 
of the dimethylacetEimide 60 section, £ind the module was created. Permeable ability They were 
662 ml/hr/m2/mmHg and 0.23% of albumin permeability. However, the polyvinyl-pyrrolidone 
content to the polysulfone in the final film was 7.8 % of the weight. In this case, when 100kg 
(PVP 9kg content) of film production undiluted solutions was used, into a hollow fiber, 1.40kg 
of PVP will remain eventually, 7.6kg will be discarded, and the amount of abolition increased. 
The dimethylacetamide 78 section and the water 1 section were added, and the heating 
dissolution of the example of comparison 2 polysulfone (Amoco Corp. Udel-P3500) 18 section 
and the polyvinyl-pyrrolidone (BASFK90) 1.8 section was carried out. Undiluted solution 
viscosity was 9.0poise at 50 degrees C. This undiluted solution was produced at the same process 
as an example 1 using the core liquid which consists of the dimethylacetamide 60 section, and 
the module was created. As for 1054 ml/hr/m2/mmHg and albumin permeability, permeable 
ability showed 2% or more of very high value. 

Although the 350mm dry zone of discharge, the temperature of 40 degrees C, and 100% of 
relative humidity was passed £ind the hollow fiber was produced using the same undiluted 
solution as example of comparison 3 example 1, and core liquid, the compact layer was made to 

the polysulfone outside surface. 

Although the 350mm dry zone of discharge, the temperature of 5 degrees C, and 100% of 
relative humidity was passed and the hollow fiber was produced using the same undiluted 
solution as example of comparison 4 example 1, and core liquid, the compact layer was made to 
the polysulfone outside surface. 

Although the 350mm dry zone of discharge, the temperature of 30 degrees C, and 50% of 
relative humidity was passed and the hollow fiber was produced using the same undiluted 



solution as example of comparison 5 example 1, and core liquid, the compact layer was made to 

the polysulfone outside surface. 

[0025] 

[Effect of the Invention] The manufacture approach of semipermeable membrane that the 
polyvinyl pyrrolidone which should be discarded was the minimum £ind spinning nature was 
excellent with this invention was able to be offered. 



TECHNICAL FIELD 



[Field of the Invention] This invention relates to the manufacture approach of the semipermeable 
membrane which consists of two or more kinds of polyvinyl pyrrolidones from which 
polysulfone system resin £ind a mean molecular weight differ. 



PRIOR ART 



[Description of the Prior Art] In order to bring a chronic-renal-failure patient's blood processing 
film close to **** level, the improvement technique in the engine performance of various 
dialysis approach and film has so far been developed. As blood processing film, the approach of 
producing a film with polysulfone, using a polyvinyl pyrrolidone as an ostomy agent is learned 
in JP,9-70524,A etc., for example. Although it was desirable to have reduced that amount used 
since that most was flushed and was not reused after this polyvinyl pyrrolidone was used as an 
ostomy agent at the time of film production, there was much that amount used in JP,9-70524,A 
etc., and there was a trouble that there were mziny zimounts of abolition. 
[0003] Moreover, making the mixing ratio of the polyvinyl pyrrolidone to the polysulfone 
system resin in a film production undiluted solution into 10 or less % of the weight is indicated 
by JP,4-338224,A. However, in this case, film production undiluted solution viscosity became 
low too much, and there was a trouble of being inferior to spinning stability. 



EFFECT OF THE INVENTION 



[Effect of the Invention] The mzinufacture approach of semipermeable membrzine that the 
polyvinyl pyrrolidone which should be discarded was the minimum and spinning nature was 
excellent with this invention was able to be offered. 



TECHNICAL PROBLEM 

[Problem(s) to be Solved by the Invention] This invention tends to cancel the fault of the above- 
mentioned conventional technique, and there is little amount of the polyvinyl pyrrolidone used, 
and it aims at offering the manufacture approach of semipermeable membrane excellent in 
spinning stability. 



MEANS 



[Means for Solving the Problem] This invention has the following configuration, in order to 
attain the above-mentioned technical problem. "The manufacture approach of the semipermeable 
membrane characterized by for the weight ratios of the polyvinyl pyrrolidone to the polysulfone 
in a film production undiluted solution being 20% or more and 35% or less, and being -15 
degrees C in temperature <= spinneret section temperature of a spinneret section temperature [ of 
-40 degrees C ] <= dry zone in the manufacture approach of the semipermeable membrane which 
become considering two or more kinds of polyvinyl pyrrolidones from which polysulfone system 
resin and a mean molecular weight differ as a principal component, and relative humidity being 
60% or more and 95% or less further." 
[0006] 

[Embodiment of the Invention] As polysulfone system resin of this invention, although 
polysulfone is desirable, what embellished the benzene ring part can be used. Moreover, 
although film production nature becomes good as polysulfone concentration in a film production 
undiluted solution as concentration is raised, the void content in the film decreases and the 
inclination for water permeability to fall is in reverse. Therefore, among a film production 
undiluted solution, as for polysulfone concentration, it is desirable that it is 10 - 30 % of the 
weight, and it is desirable that it is further 15-21 % of the weight. 

[0007] In this invention, two or more kinds of things from which average molecular weight 

differs as a polyvinyl pyrrolidone are used. It is desirable to use what says that from which 
weight average molecular weight differs that average molecular weight differs here, and is 
different 100,000 or more with especially weight average molecular weight. 
[0008] Moreover, since the molecular weight of commercizil polysulfone system resin is 
generally low, it tends to depend for the viscosity of a film production undiluted solution on the 
molecular weight of a polyvinyl pyrrolidone. Since it may be inferior to lifting silk manufacture 
stability in the thread breakage, a yarn shake, etc. at the time of film production when film 
production undiluted solution viscosity is low, the high thing of the average molecular weight of 
a polyvinyl pyrrolidone is desirable, and 40,000 or more are desirable. 

[0009] Although viscosity rises and film production nature becomes good as the concentration of 
the polyvinyl pyrrolidone in a film production undiluted solution is raised, the amount of the 
polyvinyl pyrrolidone which should be discarded conversely increases. Therefore, the polyvinyl- 
pyrrolidone concentration in a film production undiluted solution has 2-20 desirable % of the 

weight, and its further 3 - 9 % of the weight is desirable. As for the content of the produced 
polyvinyl pyrrolidone in semiperaieable membrane, it is desirable that it is 1 - 15wt%. In the 
case of below lwt%, water wettability becomes inadequate, and coagulation may be caused 
when blood is contacted. 

[0010] furthermore, the case where the semipermeable membrane of this invention is used as an 
artificial kidney - the crown - it is desirable to penetrate molecule **** protein selectively and 
to suppress albumin permeability as much as possible, and it is desirable that the mixing ratio of 
a with a molecular weight [ in a film production undiluted solution ] of 100,000 or more 
polyvinyl pyrrolidone is 1.8 - 20 % of the weight at this point. If too high, undiluted solution 
viscosity will rise, and there is an inclination it not only to become difficult to produce a film, but 
for water permeability and diffusibility ability to fall. Conversely, when too low, there is an 
inclination it becomes impossible to form the membrane structure which has a suitable hole for 



making inside macromolecule **** protein penetrate. 

[0011] In a film production undiluted solution, the good solvent of polysulfone system resin and 
a polyvinyl pyrrolidone is used. Although it is dimethylacetamide, dimethylformamide, dimethyl 
suloxide, an acetone, an acetaldehyde, 2-methyl pyrrolidone, etc., specifically, a toxic field to 
danger, safety, and dimethylacetamide are desirable. 

[0012] The additive which is the poor solvent of polysulfone and has a polyvinyl pyrrolidone and 
compatibility further is used for a film production undiluted solution. Although it is alcohol, a 
glycerol, water, and ester, specifically, water is desirable especially from the field of process 
fitness. 

[0013] The semipermeable membrane of this invention is suitably used as a hollow fiber, a flat 
film, fibrous film, etc. The film production approach in the case of using as a hollow fiber is as 
follows. 

[0014] First, a dry zone is made to breathe out a film production undiluted solution and core 
liquid simultaneously from the mouthpiece of duplex slit tubing structure. By maintaining the 
ambient atmosphere of the dry zone at this time at specific conditions, change of the engine 
performance by the seasonal variation can be controlled. That is, if dry zone temperature and 
relative humidity are too high, before phase separation will happen in the interior of a hollow 
fiber, an outside surface solidifies and can do a compact layer. Moreover, since it is underwater 
immersed before can ying out phase separation, if dry zone temperature and relative humidity are 
too low, before carrying out phase separation of the outside surface, it is solidified, and can do a 
compact layer. Therefore, dry zone temperature needs to fulfill the conditions of the temperature 
<= spinneret section temperature spinneret section temperature of -15 degrees C of a spinneret 
section temperature [ of -40 degrees C ] <= dry zone. Moreover, relative humidity needs to be 
60% or more and 95% or less. 

[0015] Here, relative humidity mezins what expressed the ratio of a water vapor pressure and 
saturated water vapor pressure with %. 

[0016] A modularization is rolled round and carried out, after carrying out spinning according to 
the above-mentioned conditions and passing through predetermined rinsing and a moisturization 
process. When using for artificial kidneys, as for the rolled-round hollow fiber, it is desirable for 
there to be much elution of a polyvinyl pyrrolidone, to construct a bridge by the gamma ray, the 
electron ray, heat, chemical preparation, etc., since there is an inclination not to fulfill the 
numeric value indicated by artificial organ criteria, and to reduce an effluent the way things 
stand. By bridge formation processing, elution of a polyvinyl pyrrolidone decreases because 
polysulfone and a polyvinyl pyrrolidone join together. In order to prevent elution of a polyvinyl 
pyrrolidone furtheraiore, it is desirable to wash a module with the water which passed the 
deaeration film before gamma irradiation. The gamma irradiation of gamma iixadiation in water 
restoration is desirable, and 20-40KGy of a dose is desirable to 10 - 50KGy and a pan. The 
artificizil kidney created by these approaches is excellent in engine performance, such as 
diffusion of urine poison, and inhibition of the albumin which is useful protein, and there is little 
elution of a polyvinyl pyrrolidone. 

[0017] The semipermeable membrane obtained by this invention is suitably used as blood 
purification film, such as a dialyzer and a plasma eliminator, ultrafiltration membrane, etc. 



EXAMPLE 



[Example] Next, this invention is explained based on an example. 
[0019] The used measuring method is as follows. 

(1) It measured using B mold rotational- viscometer B8 made from measurement east machine 
industry type of undiluted solution viscosity. The sample bottle by which the undiluted solution 
went into the silicon oil bath with a temperature controller was put in, and temperature was made 
into predetermined temperature and measured five points. 

(2) Water pressure lOOmmHg was applied inside [ hollow filament ] the module (area 1.3m2) 
which closed the measurement hollow filament both ends of permeable ability, and the amount 
of filtration per [ which flows out outside ] unit time amount was measured. Permeable ability 
was computed by the following formula. 

[0020] 

Permeable ability (ml/hr/m2/mmHg) = QW/(T-A-P) 

Here, in QW, runoff time amount (hr) and P mean a pressure (mmHg), and, as for A, the amount 
(ml/min) of filtration and T mean a film surface product (m2) (hollow filament internal- surface 
product conversion). 

(3) Perfusion of the bovine blood liquid prepared to 30% of hematocrit values and amount of 
total protein 6.0 g/dl (ethylenediaminetetraacetic acid (EDTA) processing blood) which kept it 
warm at the temperature of 37 degrees C to the measurement blood tub of dbumin permeability 
was carried out by 200 ml/min inside [ hollow filament ] the module (area 1.3m2) which closed 
hollow filament both ends, and it filtered by the filtration flow rate of 40 ml/min. At this time, 
filtrate and outlet blood were returned to the blood tub. 

[0021] 1 hour Eifter rotary flow initiation ~ the blood of a module entry £ind a module outlet, and 
filtrate — sampling ~ a blood side ~ BCG (bromcresol green) ~ it analyzed by law (Wako Pure 
Chem), and albumin permeability was computed from the concentration. 
[0022] 

albumin permeability (%) ={2xCf/(CBi-i-CBo)} xlOO - here, in Cf, CBi shows a module entry 
among filtrate and CBo shows the albumin concentration of a module outlet. 

(4) The sample after the measurement gamma irradiation of the content of the polyvinyl 
pyrrolidone by the ultimate analysis method was made to harden by drying with ordinary 
temperature and a vacuum pump, the CHN coder £in£ilyzed the lOmg, £ind the content of the 
polyvinyl pyrrolidone to polysulfone was calculated from nitrogen content. 

In an one or less example example, the "section" means the "weight section." 
[0023] The polysulfone (Amoco Corp. Udel-P3500) 18 section, the polyvinyl -pyrrolidone 
(BASFK90 weight average molecular weight 1,200,000) 3 section, and the polyvinyl- 
pyrrolidone (BASF K30 weight average molecular weight 40,000) 3 section were added to the 
dimethylacetamide 75 section and the water 1 section, and the heating dissolution was carried 
out. Undiluted solution viscosity was 23poise at 50 degrees C. The solution which consists this 
undiluted solution of the dimethylacetamide 58 section to the spinneret section with a 
temperature of 50 degrees C as core liquid from double slit tubing with delivery, an outer 
diameter [ of 0.35mm ], and a bore of 0.25mm is made to breathe out. The temperature of 30 
degrees C after making the hollow fiber of 40 micrometers of bore thickness of 200 micrometers 
form. The 350mm dry zone of 93% of relative humidity ( testo452 made from testoterm) was 
passed, the hollow fiber pass the 80-degree C rinsing process and the moisturization process by 



the glycerol was rolled round, and it considered as the bundle. Potting of this hollow fiber was 
filled up with and carried out to the case so that it might be set to 2 1.3m, and it considered as the 
module. After the modularization, with the deaerated warm water (37 degrees C), the blood side 
was first washed by per minute 200 ml/min for 1 hour, and the hemodialysis side was similarly 
washed for the blood side to the stop and the degree, and finally, the film was made to penetrate 
and it washed from the blood side similarly to the dialysing fluid side. It is permeable ability 
when permeable ability and albumin transmission were measured after gamma irradiation 
(32KGy) with water restoration. They were 1109 ml/hr/ni2/mmHg and 0.76% of albumin 
transmission. 

[0024] Moreover, the polyvinyl-pyrrolidone content to the polysulfone in the final film was 4.1 
% of the weight. In this case, when 100kg (PVP 6kg content) of film production undiluted 
solutions is used, into the film, 0.74kg of PVP will remain eventually, and 5.26kg will be 
discarded. 

The example 2 polysulfone (Amoco Corp. Udel-P3500) 17 section, the polyvinyl-pyrrolidone 
(BASFK90) 3 section, and the polyvinyl-pyrrolidone (BASF K30) 1 section were added to the 
dimethylacetamide 78 section and the water 1 section, and the heating dissolution was carried 
out. Undiluted solution viscosity was 14.5poise at 50 degrees C. This undiluted solution was 
produced at the same process as an example 1 using the core liquid which consists of the 
dimethylacetamide 58 section, and the module was created. Permeable ability They were 1380 
ml/hr/m2/mmHg and 1.12% of albumin permeability. Moreover, the polyvinyl-pyrrolidone 
content to the polysulfone in the final film was 3.8 % of the weight. In this case, when 100kg 
(PVP 4kg content) of film production undiluted solutions is used, into the film, 0.65kg of PVP 
will remain eventually, and 3.35kg will be discarded. 

The dimethylacetamide 72 section and the water 1 section were added, and the heating 
dissolution of the exzimple of compzirison 1 polysulfone (Amoco Corp. Udel-P3500) 18 section, 
the polyvinyl-pyrrolidone (BASFK90) 4 section, and the polyvinyl-pyrrolidone (BASF K30) 5 
section was carried out. Undiluted solution viscosity was 45poise at 50 degrees C. This undiluted 
solution was produced at the same process as an example 1 using the core liquid which consists 
of the dimethylacetamide 60 section, and the module was created. Peraieable ability They were 
662 ml/hr/m2/mmHg and 0.23% of albumin permeability. However, the polyvinyl-pyrrolidone 
content to the polysulfone in the final film was 7.8 % of the weight. In this case, when 100kg 
(PVP 9kg content) of film production undiluted solutions was used, into a hollow fiber, 1.40kg 
of PVP will remdn eventudly, 7.6kg will be disczirded, £ind the zimount of abolition increased. 
The dimethylacetamide 78 section and the water 1 section were added, and the heating 
dissolution of the example of comparison 2 polysulfone (Amoco Corp. Udel-P3500) 18 section 
and the polyvinyl-pyrrolidone (BASFK90) 1.8 section was carried out. Undiluted solution 
viscosity was 9.0poise at 50 degrees C. This undiluted solution was produced at the same process 
as an example 1 using the core liquid which consists of the dimethylacetamide 60 section, and 
the module was created. As for 1054 ml/hr/m2/mmHg and albumin permeability, permeable 
ability showed 2% or more of very high value. 

Although the 350mm dry zone of discharge, the temperature of 40 degrees C, and 100% of 
relative humidity was passed and the hollow fiber was produced using the same undiluted 
solution as example of comparison 3 example 1, and core liquid, the compact layer was made to 
the polysulfone outside surface. 

Although the 350mm dry zone of discharge, the temperature of 5 degrees C, and 100% of 
relative humidity was passed and the hollow fiber was produced using the same undiluted 



solution as example of comparison 4 example 1, and core liquid, the compact layer was made to 
the polysulfone outside surface. 

Although the 350mm dry zone of discharge, the temperature of 30 degrees C, and 50% of 
relative humidity was passed and the hollow fiber was produced using the same undiluted 
solution as example of comparison 5 example 1, £ind core liquid, the compact layer was made to 
the polysulfone outside surface. 



[Translation done.] 



